In two communications to the Chemical Society,* the author presented the results of a detailed study of twenty-two salts of the series of monoclinic double sulphates R2M(S04)2,6H20 , in which R was represented by potassium, rubidium, and caesium, and M by magnesium, zinc, iron, manganese, nickel, cobalt, copper, and cadmium. The first of these memoirs dealt with the external morphology of the crystals, and the second with their internal physical properties.
The present investigation refers to the less-known analogous double selenates, in which R is again represented by the alkali metals potassium (atomic weight 39), rubidium (atomic weight 85-2), and caesium (atomic weight 132'7). The work on the group containing zinc has been com pleted, and the results are now communicated. Topsoe and Christiansent included in their well-known investigation the potassium salt of the group.
The rubidium and caesium salts have never been investigated, and the author has been unable to find any evidence of their preparation.
The section-plates and prisms employed in the optical work were prepared by means of the author's cutting and grinding goniometer, in the manner already described in previous memoirs. The new special adjusting apparatus described to the Royal Society in the memoir in the ' Phil. Trans.,' A, for 1899, p. 461, has proved of the greatest service in the preparation of the prisms. All the prisms were obtained with its aid by one adjustment, instead of two (one for each of the two required surfaces). A very useful addition to it has been made in the shape of a pair of special grip-holders, besides those referred to on page 460 of the memoir just quoted. One of these new holders is represented in fig. 1 . The upper portion, the stem by which it is attached to the lower end of the crystal-adjusting apparatus, carries two vertical grooves instead of only one, so that the plane within the crystal which is desired to bisect the angle (60°) of the prism can always be preliminarily roughly arranged at right angles to the 120° adjusting segment, whatever be the situation of the most conve nient direction of gripping. The stem passes down into a thicker solid cylindrical portion, surrounded by a closely fitting hollow cylinder capable of movement for somewhat over 90°, and fixation at any position, by means of slits at different levels and two clamping screws passing through them into the solid cylinder. This enables the necessary final azimuth adjust ment of the crystal to be effected, so that the particular bisecting plane referred to can be set exactly to the required orientation, with the aid of the goniometer and its graduated adjusting movements. The gripper is attached rigidly to the underside of the movable cylinder. Its two prongs are arranged to be drawn together by means of a screw manipulated with a milled-headed key, and the gripping lower part is thickened and padded with chamois leather. The use of one of these holders, which only differ in the size of the gripper so as to accommodate different sized crystals, avoids the use of warm wax, which may cause efflorence, or cracking, of the crystal.
Every prism employed was prepared by the aid of this instrument so that the two surfaces were symmetrical to one of the three principal planes of the optical ellipsoid (indicatrix), and its edge parallel to one of the two rectangular axes of the indicatrix lying in this plane. It therefore yielded two of the three refractive indices directly, namely, those corresponding to vibrations parallel to the two rectangular axes of the optical indicatrix lying in the bisecting plane.
The salts were prepared in the following manner:-A quantity of
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the alkaline selenate crystals, prepared as described in the author's memoir on the normal alkaline selenates,* adequate to yield after addition to the calculated amount of the M-selenate sufficient of the double salt for all the purposes of the investigation, was dissolved in the minimum of distilled water. An equal molecular proportion of pure zinc sulphate crystals was also weighed out, dissolved in dis tilled water, and precipitated by a solution of sodium carbonate. The precipitate of basic zinc carbonate was isolated by decantation and prolonged washing with hot water, and subsequently dissolved in a solution of pure selenic acid, whose strength had previously been accurately determined by titration with a solution of pure anhydrous sodium carbonate of known strength. Sufficient of the acid was run in upon the zinc carbonate to provide for one drop of excess, as this prevents the possibility of a basic salt forming after addition of the selenate of the R-metal. The solutions of the two selenates were mixed and allowed to crystallise spontaneously, taking all the pre cautions to avoid disturbance enumerated in the previous memoirs. The spherical projection given on p. 343 of the double sulphate memoir applies equally to the double selenates. , f P o t a s s iu m Z in c S e l e n a t e , K2Zn(Se04)2,6H20. A determination of the zinc in a quantity of the crystals employed gave the following result:-09152 gramme yielded 0T396 gramme ZnO, corresponding to 12-24 per cent, of zinc. Calculated per cent. Zn = 12T1.
Goniometry.
Ten excellent crystals were employed, derived from several different crops.
H abit: Short prismatic to tabular.
Axial angle-/3 -75° 48'.
Ratio of axesa : b : c = 0-7458 : 1 : 0-5073.
Forms observeda = {100}ooPoo; b = {OlOjoopco; c = {001}hP {HOjcoPj / = {120}oop2; q = {011}p<x>; o' = { l l l } + P ; r '= {201} + 2Poo.
The results of the angular measurements are given in the accom panying table.
The habits observed resembled those exhibited in the following figures given in the double-sulphate memoir :- Fig. 7 without b faces, fig. 8 without the smaller faces, fig. 20, fig. 21, fig. 24 , The a and h faces were usua% both well defined; the hemi-pyramid 0 ' was occasionally well developed, but more usually small, while small i? faces were only observed on two crystals. The general type exhi bited p ,crand gas the mam faces, c always large, and r' occasionally large but generally rather smaller than the q faces. /3 = 1-5010 + 694 100 3 005 700 000 000 A*
As the dispersion increases with the numerical value of the index, the a and y indices are not precisely reproduced by diminishing and increasing the constant T5010 by fixed amounts ; but they are on the average less and greater respectively than the values by 0-0060 and 0-0154. Optic Axial Angle.-Three excellent pairs of section-plates were ground, perpendicular to the first and second median lines respectively. Topsoe and Christiansen give for the angle in air 1110 50', and for the true angle 66° 8', both being measured in sodium light.
Determination of Apparent Angle in Air of
The dispersion is observed to be extremely small, and the most accurate measurement is required to determine it, employing sections which afford very small rings and sharp brushes. A valuable confirma tion of the nature of the dispersion is afforded by immersion in cedar oil, whose refraction is almost exactly the same as that of the crystals. A section perpendicular to the first median line shows, in cedar oil, brushes separated at their true angle and fringed with colour accord ing to the following scheme :-
The obtuse morphological axial angle ac is assumed to be to the left. The optic axial angle is therefore greater for blue than for red, and measurements in Li and F light gave an angle larger in the latter case by about 5', thus confirming the accuracy of the values given in the Dispersion of the Median Lines.-In cedar oil no appre ment of the right brush, that corresponding to the optic axis situated in the acute morphological angle ac, was detected on altering the wave-length of the light, the total movement occurring at the left brush. Hence the first median line lies nearer to the morphological axis a for red than for blue. The amount does not exceed 5'.
Effect of Rise of Temperature on the Optic Axial Angle.-Measurements at 65° indicated that 2E increases for 50° rise of temperature.
R u b id i u m Z in c S e l e n a t e , Rb2Zn(Se0 4)2,6HoO. An estimation of zinc in a specimen of the crystals employed afforded the following guarantee of purity: I T 130 grammes yielded 0T426 gramme ZnO, which corresponds to 10'28 per cent, of zinc. Cal culated Zn = 10-33.
Goniometry
Ten suitable small crystals were employed, belonging to four differ ent crops.
H abit: thick tabular, sometimes prismatic. The results of the measurements are tabulated in the accompanying table.
The types observed resembled those of rubidium zinc sulphate, especially that shown in fig. 7 (p. 359) of the double-sulphate memoir, but without the b faces as a rule. Only a trace of the orthopinacoid was discovered; the clinopinacoid b was invariably small when present, and the hemi-pyramid n' was only present on one of the crystals measured. The o' faces were fairly well developed, and afforded good images of the signal. Frequently the only faces present were c, p, and q. The c faces varied in relative importance from the breadth usually exhibited in the potassium salts to the narrow strip charac teristic of the caesium salt.
There is an excellent cleavage parallel to the faces of the orthodome r'{201}.
Volume.
Relative Density.-The following four determinations were made with independent quantities of the finely-powdered crystals :- Optics.
Orientation of Axes of Optical E l l i
The op normals) lie in the plane of symmetry. The sign of the double refrac tion is positive.
The following extinction angles were exhibited by two section-plates ground parallel to the symmetry plane, with reference to the normal to the basal plane The direction is behind the normal, towards the vertical morpho logical axis. This axis of the optical indicatrix is again the second median line.
The first median line thus lies in the obtuse morphological axial angle a c ,and is inclined 2° 3' to the axis The second median line lies also in the obtuse angle ac, and is inclined 13° 13' to the vertical axis c.
Refractive Indices.-Six prisms, ground on six different crystals belonging to various crops, were employed in the determinations. The results are given in the accompanying table:-
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Refractive Indices of Rubidium Zinc Selenate. The intermediate refractive index of rubidium zinc selenate, cor rected to a vacuum, is expressed as far as F, for any wave-length X, by the formula:-P 1-5067 + 592 314 X2 1 397 600 000 000 X4
The a indices are very closely reproduced by the formula if the constant 1*5067 is diminished by 0*0060; owing to appreciably increased dispersion in the y direction, the y indices are not so accurately repro duced, but are approximately given if the constant is increased by 0*0109. 
J
The dispersion is thus seen to be small, but it is distinctly greater than in the case of the potassium salt. In cedar oil, whose refraction is almost exactly the same as that of this salt, a section perpendicular to the first median line exhibits the brushes fringed with colour as follows:-blue | red 1st M.L. red | blue
The optic axial angle is therefore greater for red than for blue, thus confirming the results of the measurements.
Dispersion of the Median Lines.-In the foregoing representation of the coloured brush-fringes as seen in cedar oil, the obtuse angle of the morphological axes ac is situated to the left. The hyperbolic brush on this side was more faintly tinted at the edges than the right-hand brush, indicating feebler dispersion of the optic axis to the left. Measurements in cedar oil confirmed this, and showed that the differ ence between the position of this optic axis for C-light and for F-light was 8-10', whilst for the right-hand axis it was 20'. Hence the median lines are dispersed so that the first median line lies nearer to the morphological axis a by 4-5' for red light than it does for blue.
Effect of Rise of Temperature on the Optic Axial Angle.-Very little change is introduced in the optic axial angle of this salt by variation of temperature. Measurements in succession at 10-5° and 60-5° indi cated that 2E increases 30' for 50° of rise of tempe CAESIUM Z i n c S e l e n a t e , Cs2Zn(Se04)2,6H20. The analysis of a specimen of the crystals of this salt afforded the following numbers : 0-7027 gramme gave 0-0790 gramme of ZnO, which corresponds to 9"02 per cent, of zinc. The calculated percentage is 8-98.
Goniometry
Eleven of the most suitable small crystals, derived from five dif ferent crops, were employed in the goniometrical measurements.
H abit: flattened prismatic. The clinopinacoid b is frequently present, but the orthopinacoid a was never observed. The clinodome m was found developed on one of the crystals measured.
The cleavage parallel to r'{201}, common to the series, was well developed. The direction is in front of the normal, nearer to the inclined morpho logical axis a. This axis of the optical indicatrix is the second median line. The first median line is accordingly situated in the acute angle of the morphological axes ac, and is inclined 5" 46' to the axis a. The second median line lies in the obtuse angle ac, and is inclined 21° 57' to the vertical axis c.
Refractive Indices.-The results of the refractive index determina tions with six prisms, ground on crystals from different crops, are presented in the accompanying table.
The intermediate refractive index of caesium zinc selenate, corrected to a vacuum, is expressed to near F, for any wave-length A, by the following formula:-f3 = 1-5187 + 704 232 A2 2 877 600 000 900^ A4
The a indices are reproduced with precisely equal accuracy if the constant 1*5187 is diminished by 0*0036; owing to slightly increased dispersion exhibited by the y indices, these values are reproduced with slightly less accuracy when the constant is increased by the aieiage amount of 0*0050. Optic Axial Angle. The optic axial angle in air 2E is so large as to be only measurable with some difficulty, even in the cases of the largest and most perfectly transparent sections. Owing to the relatively small double refraction of all the salts of this series, sections require to have a thickness of at least a millimetre in order to afford small rings and sharp brushes. Hence, if the section is not of considerable, and not always attainable, relative breadth the brushes become obscured. Two of the sections prepared enabled trustworthy measurements to be obtained, but the others, although excellent for 2H«, did not exhibit adequately clear brushes in air.
7t)
Mr. A. E. Tutton. No measurements were obtainable beyond the green, the angle becoming too large.
From the results given in the accompanying table for the true angle, it will be observed that the dispersion of the optic axes is considerably greater than in the cases of the potassium and rubidium salts. To confirm its nature, and determine the dispersion of the median lines, a liquid was sought for whose refraction was the same as that of the crystals, and which was without action on them. Pure methyl salicylate fulfils these conditions, and the interference figures afforded by sections perpendicular to the first median line were observed, while immersed in a cell of this liquid. Measurements in 0 and F light afforded angles almost identical with those calculated from 2Ha and 2H o as measured in monobromonaphthalene, and showing the same amount and order of dispersion.
Four pairs of section plates were employed in the determinations of the true angle. Comparison of the Orientations of the Optical Indicatrix.
Inclinations of Axis a of Indicatrix to Vertical Axis
For potassium zinc selenate ....
• / 9 9
Diff. 4 4 " rubidium " " .. The difference for the first replacement, 45, is thus nearly double that of the mean refraction, 26. This explains why, in spite of the general progression in refraction, the y indices of RbZn selenate are slightly less than those of the KZn salt.
The relations of the refractive powers of the three salts are con cisely expressed by the axial ratios of the optical ellipsoid, which are compared beneath, and even more clearly by the continuous curves in fig. 3 , which express them graphically.
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Comparison of the Optical Ellipsoids. Optical Indicatrix. The last series of ratios shows the total change of the ellipsoid on passing from one salt to another, and the numbers are obtained by considering the initial length of the ft axis, that is, its length in the potassium salt, as unity. They are graphically expressed by the dotted curves in fig. 3 . Besides the main conclusion regarding these axial ratios, given in the Abstract, it will be observed that a notably less change occurs in the length of the 7 axis of the indicatrix than along the other two axes, when the total change is considered; this is illustrated by the less sweep of the corresponding curve of the dotted series shown in fig. 3 . When the relative change only is considered the reverse is observed, the change along the 7 axis being the maximum, and its curve of the continuous series in fig. 3 taking the greater sweep. The relative relationships of the three axes to one another, in the case of each salt, govern the magnitude of the optic axial angle of each salt, and the fact that the positions for the rubidium salt are intermediate, points to an intermediate optic axial angle for that salt, an expecta tion which the next table shows is fulfilled.
The diminution of the double refraction as the atomic weight of the alkali metal is increased is clearly shown by the ratios, and by the con vergence of the curves. The symmetry plane is the common plane of the optic axes. The double refraction is positive for all three salts, and the disposition of the median lines is also identical, subject to the rotation of the whole optical ellipsoid.
Comparison of the Molecular Optical Constants. Specific Refraction, = u. KZn sel. The rules stated in the Abstract regarding specific and molecular refraction are independent of the wave-length, and whether they are calculated by the formulae of Lorenz or Gladstone and Dale. They are also independent of temperature, for it has been shown with regard to each salt that the refraction is diminished by rise of tem perature, and the density, the other factor in the calculation, is naturally affected in the same direction by increase of temperature.
F o r ray C (H a ). F o r ray H y n e a r Gk f-------------------------------* -------------------------------i <-------------------------------*------------------------
The replacement of sulphur by selenium in these zinc double salts is accompanied by an increase of molecular refraction of 7'0-7-4 Lorenz units or 13-0-13-9 Gladstone units for the ray C, according to the direction compared. The increase due to each atom is thus 3*5-3'7 or 6-5-6-9 units. The values derived from a comparison of the simple sulphates and selenates were 3*4-3-8 or 6*2-7*2. The mean values derived from the two series are thus identical.
In the next communication the magnesium group of salts will be described.
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